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THE observations of Jenner (1798) indicated the close immunological
relationship between the virus of cowpox and that of smallpox, but it is evident
from the publications of Crookshank (1889), Cory (1898) and Copeman (1899)
that, of the so-called " vaccinia " strains in current use in various parts of the
world towards the end of last century, many had been derived by passing
human smallpox through animals. The more recent literature on the trans-
formation of variola to vaccinia has recently been reviewed and discussed in
relation to his own observations by Horgan (1938).

Although the terms " vaccinia " and " cowpox " are frequently used
synonymously, it seems doubtful whether the viruses concerned should be
regarded as identical, yet in much of the earlier work on the protective power
of " vaccinia " against the virus of smallpox in man or monkeys (Copeman)
such identity is assumed. The more recent observations of Green (1908),
Reece (1921), Van Heelsbergen (1922), Frenkel (1930), Glover (1937) and others
have shown that the virus of spontaneous cowpox and laboratory strains of
vaccinia produce effective immunity against each other in animals.

While there doubtless exists a close relationship between these viruses, the
examination of convalescent sera from three men who had contracted infection
from the spontaneous disease in cattle (Davies, Janes and Downie, 1938)



RELATIONSHIP OF VIRUS OF COWPOX TO VACCINIA VIRUS.

suggested that the virus isolated from one of the men was not identical with a
strain of vaccinia in current use. A comparative study of the lesions produced
experimentally by three strains derived from the natural disease in the cow
and three strains of vaccinia also indicated differences which have been
described elsewhere (Downie, 1939). The methods which have recently been
developed by Craigie (1932) have provided a means whereby a more accurate
knowledge of the antigens of vaccinia virus and the antibodies in antivaccinial
serum has been gained (Craigie and Wishart, 1934a and 1936; Parker and
Rivers, 1935; Salaman, 1937). By utilizing the methods developed by these
workers for the preparation of relatively pure suspensions of virus and the
carrying out of serological tests, an attempt has been made to determine the
immunological relationship between two strains of vaccinia virus and two
strains of the virus of spontaneous cowpox. The results of these investigations
are recorded in this paper.

MATERIAL AND METHODS.

Strains of Virus.

Cowpox virus, strain B, was isolated from the lesions on the hands of a
cowman on a farm in Sussex in 1937, and had been passed by pad inoculation
through two guinea-pigs, and thereafter by intradermal inoculation or by
scarification in the skin of rabbits.

Cowpox virus, strain G, was isolated in 1937 from scabs derived from typical
lesions on a cow by Mr. R. E. Glover, of the National Institute for Medical
Research, Millhill. It was passed intradermally through 3 rabbits, then by
intratesticular inoculation through two rabbits, and thereafter by intradermal
or cutaneous inoculation on these animals.

Vaccinia virus, strain S.-This was the stock Lister Institute strain which
had been passed repeatedly by cutaneous inoculation in rabbits, and was used
by Dr. M. H. Salaman in his work on the combining properties of vaccinia
virus with the antibodies demonstrable in antivaccinial serum (Salaman, 1937).
This strain has been in use at the Lister Institute for many years, but it is
uncertain whether it was originally obtained from spontaneous cowpox or
from variola in man.

Vaccinia virus, strain A, was derived by Dr. C. R. Amies from smallpox
material obtained in 1932, and had been repeatedly passed in rabbits by
cutaneous inoculation.

An account of the lesions produced by these four strains of virus on the
chorio-allantoic membranes of developing hens' eggs, in guinea-pigs and in
rabbits has been reported elsewhere. In the experiments recorded below all
immunity tests were made in rabbits. In some of the earlier experiments the
supernatant fluid from infected egg-membranes or from the ground-up lesions
which had resulted from intradermal injection in the rabbit was the infective
material, but in all later experiments elementary body suspension prepared
from cutaneous infection in rabbits has been used except in one instance, when
a similar suspension was made from infected egg-membranes.
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Preparation of Elementary Body Suspensions and Soluble Specific Substance.
The method of Craigie (1932) as modified by Salaman (1937) was used

througlhout. Rabbits were inoculated on the shaved and lightly scarified skin
of the back with elementary body suspension and were killed and exsanguinated
oni the 3rd or 4th day afterwards. Elementary body suspension and crude
Seitz filtrates containing the soluble specific substance were prepared according
to the technique described in detail by Salaman using M/250 citric acid + di-
sodium phosphate buffer pH 7-1 for successive washings and final suspension.
It inay be observed that while the titre of soluble specific substance obtained
from the four strains of virus was approximately the same as indicated by
complement-fixation tests with appropriate imnmnune sera, the yield of thrice
washed elementary bodies was usually greater with vaccinia virus, strain S,
than with the other three strains. Examination of the suspensions under
dark-ground illumination and by stained films indicated that they were relatively
pure, although with the three latter strains a certain amount of ill-defined,
finely granular material less refractile than the elementary bodies was fre-
quently present in the final suspensions. The number of bacteria in the
suspensions was always estimated by cultures made in blood-agar, and these
showed counts varying from three to several hundred colonies from 01 c.c.
Wlhen suspensions were not required for immediate use they were stored at a
temperature of 0° to 40 C. under ether.

Preparation of Antisera.
In certain experiments the sera from rabbits which had received multiple

intradermal injections of virus 2 to 4 weeks previously were used, but the sera
for absorption experiments were obtained from animals which had received
two to four further injections of virulent elementary body suspension. These
injections were made intraperitoneally or intravenously at intervals of 7 to
14 days, and the rabbits were bled 6 to 8 days after injection. The sera were
heated at 56° C. for 40 minutes and were stored without preservative. In
general it has been found that good antisera are more easily obtained against
the cowpox than against the vaccinia strains. Sera from rabbits which had
been infected intradermally with cowpox virus two or three weeks previously
showed good neutralizing power and a good titre of complement-fixing antibody
whereas, with the vaccinia strains, hyperimmunization was usually necessary
to obtain sera with a satisfactory antibody content.

Agglutination Tests with Elementary Body Suspensions.
The method used was that described by Craigie and Wishart (1 934a).

Dilutions of serum were made in 0 85 per cent. NaCl containing M/250 citric
acid + disodium phosphate, pH 7-1. Stock suspensions of elementary bodies
were diluted before use in M/250 buffer to give a turbidity comparable to that
of bacterial suspensions suitable for agglutination. Equal volumes (0 3 c.c.)
of serum dilutions and suspension were mixed in small tubes, which were then
incubated under cover in a water-bath at 50° C. The results were read after
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3 hours and again after 18 to 20 hours. Normal rabbit serum was always
included for control purposes.

Complement-fixation Tests.
The complemnent-fixation reaction with soluble precipitable substance con-

tained in Seitz filtrates of vaccinia skin pulp and anti-vaccinial sera has beeii
found by Craigie and Wishart (1934b) to give results comparable to precipita-
tion tests. In prelimninary tests made with the Seitz filtrates prepared from the
cowpox viruses used in this work, the complement-fixation reaction was found
to be more sensitive and to give sharper results than the precipitation test,
and in consequence has been used extensively for the titration of soluble
specific substance or antibody in immune sera.

To 0-2 c.c. quantities of a suitable dilution of serum or filtrate 0 2 c.c. of
guinea-pig serum diluted to contain 3 M.D.H. of complement and 0 2 c.c. of
(lilutions of filtrate or serum were added. The tubes were kept at room
temperature for 4 hours before the addition of 0 4 c.c. of sensitized cells (equal
volumes of 5 per cent. sheep cells and amboceptor containing 5 M.D.H.). The
tubes were then placed in a water-bath at 370 C. for 20 to 30 minutes and
afterwards at room temperature. The results were read after 1 hour, and again
after the racks had been left on the bench overnight. Suitable controls of
antigen and serum were included in each test. In preliminary tests the findings
of Craigie and Wishart in respect of the more complete fixation obtained at
40 C. for 16 hours were confirmed, but for most purposes fixation for 4 hours at
Iroom temperature gave satisfactory results and has been used throughout.

Absorption of Sera.
In attempting to determine immunological differences between the cowpox

anid vaccinia strains, cross-absorption of hyperimmune sera with elementary
body suspensions has been used. It has been noted by Salaman (1937) that
mlore complete absorption of an antivaccinial serum is obtained when the
absorption is carried out with three successive fractions than when a single
absorption with the same dose of elementary bodies is made. For the purpose
of the present work complete absorption of sera was not considered necessary.
and it has been found that, with most sera, adequate absorption of homologous
antibody could be obtained by using the yield of elementary bodies from one
rabbit for 10 c.c. of immune serum. Prior to absorption of sera the washed
elementary body suspension was spun out in the angle centrifuge, and the
deposit taken up in 2-3 c.c. of M/250 citric acid + disodium phosphate buffer.
To 1 0 c.c. of immune serum one-third of the elementary body suspension was
added, and the volume made up to 3* 0 c.c. with distilled water and 8 5 per cent.
salt solution to give a final concentration of 0 85 per cent. The mixture was
allowed to stand at room temperature for 1 hour and then placed at 0°-40 (1
overnight. Next day the mixture was spun in the angle centrifuge and the
clear supernatant pipetted off. The second fraction of elementary body
suspension was added, and the volume made up to 4 c.c. with distilled water
and 8 5 per cent. as before, and absorption allowed to proceed as in the first
instance. The third absorption was similarly made and the final supernatant
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of 5 0 c.c., representing a 1 in 5 dilution of the original serum, was heated at
a temperature of 56° C. for 1 hour to destroy any live virus which might have
been present. Control unabsorbed sera were always subjected to the same
temperature as absorbed sera. The absorbed sera were tested for residual
agglutinins, complement-fixing and neutralizing antibody. In certain of the
earlier experiments the mixtures were placed in a water-bath at 500 C. for 2
hours during absorption, but equally good absorption seemed to occur when the
mixtures were kept at 0°-4° C. overnight, and this procedure was followed in
most of the experiments recorded below.

Neutralization Tests.
Equal volumes of 1/5 dilutions of absorbed or unabsorbed sera were mixed

with falling 10-fold dilutions made in broth of elementary body suspension of
the virus under examination. After the tubes had been kept at room tem-
perature for 1 hour 0-2 c.c. of each mixture was injected intradermally into
normal rabbits. All sera to be compared were titrated on the same animals,
two rabbits being used for the injection of the same serum-virus mixtures in
each test. The readings recorded in the following tables were made on the
4th or 5th day after injection.

Housing of Animals.
Owing to the limited accommodation available it was impossible to keep

animals infected with the four viruses in separate animal houses. Animals
infected with cowpox strain B and cowpox strain G were kept in different
rooms in the same building, while the rabbits infected with the vaccinia strains
were kept in one room in another building several hundred yards from the
first. The experiments with the two vaccinia strains were so arranged that
animals used for preparation of elementary body suspensions of the two strains
were not kept in the one animal house at the same time. In certain experi-
ments made to test resistance of immunized animals and involving the injection
of different strains of virus, these animals were removed when necessary to the
building used for the vaccinia work immediately before the test injections were
made. Animals infected with the vaccinia strains were never kept in the
building which housed the animals used for the cowpox viruses. These pre-
cautions were considered necessary in view of the ease with which vaccinia
is reported to spread among rabbits kept in the same room.

EXPERIMENTAL.

Cross-immunity in Rabbits Recovered from Infection with Cowpox or Vaccinia
Virus.

Many of the animals used for titration of cowpox strain B and vaccinia
strain S were later tested for resistance to intradermal injection of these two
strains. Table I shows the results of such tests on two rabbits which recovered
from infection with vaccinia S (VI 13 and V267), and two which had recovered
from infection with cowpox B (B34 and B44). The first three animals shown
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in the table were tested 10 days before the other three. In the first test the
cowpox material used for infection was the supernatant fluid from a suspension
of tissue obtained from a 5-day intradermal lesion, while for the test with cow-
pox B in the other three animals culture virus from the 20th passage on eggs
was used. The same elementary body suspension of vaccinia virus, prepared
from infected rabbit-skin pulp, was used in both tests.

The results suggest that the rabbits recovered from infection with cowpox
were rather more resistant to this strain than to vaccinia virus. The two
groups of animals are obviously not strictly comparable, however, and it is
evident that the rabbits which had recovered from infection with either of
the two viruses showed considerable resistance to both.

Rabbits which had been used for the preparation of hyperimmune sera
were also tested for resistance to infection with cowpox and vaccinia viruses.
In these tests elementary body suspensions were used for the intradermal
injections. All such suspensions were prepared from rabbit-skin lesions
except in the last four animals, for which the elementary body suspension of
cowpox strain B was prepared from infected egg-membranes of the 69th
passage. The results of the tests on these hyperimmunized animals are shown
in Table IT.

The first six animals were injected on the same day with the same dilutions
of elementary body suspensions; rabbits V136 and 196 were tested ou a later
(late, while the last four animals were tested together still later. Although
there may have been a slight variation in the infective titre of the virus sus-
pensions used in the three groups of animals, as indicated by the lesions produced
in the control normal rabbits, it is obvious that hyperimmunization with living
virus of any of the four strains induces a high degree of resistance to both
cowpox and vaccinia.

Neutralization Tests with Convalescent Sera.
Various sera obtained from rabbits from 18 to 24 days after intradermal

titration of strains cowpox B and vaccinia S were tested for neutralization
against these two viruses. All sera obtained from cowpox convalescent rabbits
showed good neutralization, but the sera of rabbits recovered from vaccinial
infection were more variable in this respect. One weak antivaccinial serum
showed some neutralizing power against vaccinia S virus, but little or none
against cowpox B. The antivaccinial serum used for the experiments on
Table III was collected from a rabbit 21 days after intradermal titration of
strain S and showed a good neutralizing titre. The anticowpox serum was
obtained 19 days after intradermal titration of cowpox strain B. The sera
had been inactivated and were added, without dilution, to 10-fold dilutions of
virus in preparing the mixtures for intradermal injection.

The results shown in Table III indicate that the convalescent sera frolm
rabbits previously infected with either strain of virus neutralizes both. How-
ever, certain weak antivaccinial sera seemed to possess little or no neutralizing
antibody for cowpox virus, and tests with the sera of three cowmen who had
recovered from infection with cowpox virus showed considerable neutralizing
antibody against this virus, but little against vaccinia virus, strain S (Davies,
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Janes and Downie, 1938). In view of these findings and the differences
observed in the histology of the lesions produced experimentally by cowpox
and vaccinia strains (Downie, 1939), it seemed possible that antigenic differences
between these virus strains might be brought out by cross-absorption tests
with hyperimmune sera. The results of such tests are recorded in the next
section.

Cro0s-absorption Tests with Hyperimmune Sera.

Comparison of the Two Cowpox Strains.

The two cowpox strains produced identical lesions on animals and on the
chorio-allantoic membranes of hens' eggs, and infection experiments on re-
covered animals failed to indicate immunological differences. However, they
had been isolated in different parts of the country, and cross-absorption of
hyperimmune sera with elementary body suspension was carried out to
determine whether there were minor serological differences. The result
of the tests with these two strains will serve to indicate the value of
the methods used in the further examination of the cowpox and vaccinia
strains. The absorption of each of the two sera by the two viruses was
carried out under the same conditions at the same time. In each instance
the first and second fractions of the total absorbing dose of elementary bodies
were completely agglutinated after contact with the serum overnight in the
ice-chest, while the third fraction was only partially agglutinated and the
supernatant fluid remained very turbid. The four samples of absorbed serum
obtained by centrifugation for 1 hour in the angle centrifuge represented a
dilution of 1/5 of the original sera, and were heated for 1 hour at 560 C. together
with the unabsorbed sera and normal rabbit serum similarly diluted. The
seven samples of serum were then used for complement-fixation, agglutination
and neutralization tests. The results are shown in Tables IV, V and VI.
Four rabbits were used for the neutralization tests, the seven sera being tested
against each virus in duplicate; Table VI shows the readings from one rabbit
of each pair.

From the results of the complement-fixation tests it is apparent that
although absorption of the sera is not complete, the reduction in titre of each
serum effected by the two strains of virus is approximately the same. The
same relationship holds in the agglutination tests, although in this case the
absorption of antiserum to cowpox G would appear to be almost complete.
This difference in the results of complement-fixation and agglutination tests
with absorbed sera has been observed throughout this work, and illustrates
the greater delicacy of the complement-fixation test as a measure of residual
antibody in absorbed sera. It has been shown by Craigie (1932), and Craigie
and Wishart (1936), that the antigens in Seitz filtrates of crude vaccinia sus-
pensions responsible for precipitation with antivaccinial serum are also
concerned with the agglutination of elementary bodies by the same serum,
and their work on complement-fixation (Craigie and Wishart, 1934b) suggests
that here also the same antigens are concerned in the reaction with immune
serum. Observations made in the course of the present work with cowpox
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virus and its antiserunm have yielded no evidence to suggest that complement-
fixation tests with Seitz filtrates and agglutination of elementary bodies are due
to different antibodies in cowpox antisera.

The results of the neutralization test shown on Table VI are similar to those
obtained with the other two tests. The amount of elementary body suspension
used for absorption of the two sera was the same, and the more complete exhaus-
tioin of the antiserum to cowpox Gr with both suspensions may have been due
to the smaller amount or possibly the greater avidity of the antibody in the
uniabsorbed serum. Nevertheless the results of the tests with the absorbed
sera give no indication of antigenic difference between these two cowpox
strains.

It should be noted that in carrying out the neutralization tests the serum
concentration is kept constant in the miixtures with dil-utions of virus, which
is the reverse of the procedure used in the agglutination and complement tests,
so that exact parallelism in the results of neutralization and the other two tests
with absorbed serum is hardly to be expected. There is some evidence fromn
the work of Parker and Rivers (1936) and Salaman (1937) that neutralization
of virus and precipitation with Seitz filtrates of vaccinia may not be due to
the same antibody in antivaccinial serum. Nevertheless the active elementary
bodies used for absorption of immune sera in the present experinments pre-
sumably contain all the antigens concerned in the reactions, and a similar
reduction in titre of antibody in absorbed sera has been shown by the three
methods of testing.

Comparison of the Two Vaccinia Strains.
In view of the history of the two vaccinia strains, one of which (strain A)

was known to have been derived from human smallpox material, they were
compared by the method of serum absorption as used for the cowpox strains.
Strain A had not recently been passed so frequently by cutaneous inoculation
of rabbits, and in consequence the amount of elementary body suspension
recovered from each rabbit was less than in the case of strain S. The absorp-
tion of the two antisera was carried out in the same way as with the cowpox
antisera, but unfortunately part of the antiserum to strain S which had been
absorbed with elementary bodies of the same strain was lost during the final
centrifugation. The part that remained was used for neutralization tests.
The results of the examination of these antivaccinial sera are shown in Tables
VII, VIII and IX.

It will be seen from the results of the tests with the unabsorbed sera shown
in Tables VII and VIII that the antiserum to strain S was slightly stronger
than that to strain A, and the elementarv body suspension of strain S was
more agglutinable than that of strain A, but neither the tests with unabsorbed
nor with the absorbed sera indicate qualitative differences in the antigens of the
elementary bodies of these two strains.

Comparison of the Cowpox Strains and Vaccinia, Strain S.
The relationship of the two cowpox strains to vaccinia virus strain S have

been investigated by the methods of absorption of hyperimmune sera shown
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RELATIONSHIP OF ' ItIiS OF C(o)XPo To VACCINIA V'IRUS.

above. The results of the tests with the sera of cowpox strain G and vaccinia
strain S are shown in Tables X, XI and XII.

It may be noted that the suspension of eleinentary bodies of vaccinia use(d
for the agglutination test was slightly serum-sensitive, and the reactions withl
the lower dilutions of absorbed sera are therefore of doubtful significance.
However, it is apparent from the complenment-fixation and agglutination
reactions with the unabsorbed sera that each serum shows a relatively higher
titre with the homologous than Nith the heterologous antigen. This finding
h1as been constant with different samples of immune sera, and suggests minor
antigenic differences between the cowpox and vaccinia S strains. This
difference in the unabsorbed sera is not apparent with the neutralization test
where the serum concentration is kept constant and is relatively high. The
results with the absorbed sera shown in the three tables indicate that the
elementary bodies of each strain have absorbed the antibody for both viruses
from its homologous serum and its owni antibody from the heterologous serum,
while only a partial reduction in titre for the other virus has been effected by
absorption of the heterologous serum.

Similar results were obtained in corresponding cross-absorption tests with
antisera to strains cowpox B and vaccinia S. although in this instance the
results were not quite so sharp owing to the difficulty of absorbing the very
p)otent sample of anticowpox B serum used. The results of the neutralization
tests with the unabsorbed and absorbed antisera to cowpox B and vaccinia S
are showr?n in Table XIII.

The amount of elementary bodies used to absorb these sera was obviously
insufficient for complete absorption, and the suspension of vaccinia virus used
for the serum-virus test mixtures lhad a relatively low titre. Nevertheless
the results indicate the same relationship between cowpox strain B and vacciniai.
strain S as between cowpox strain G and vaccinia S.

DISCUSSION.

Trhe results wlhich have been obtained in cross-imllmuInity experiments oil
recovered animals with cowpox and vaccinia strains and thie results of neutra-
lization tests with unabsorbed sera have confirmed the observations of other
workers on the close immunological relationship between the virus of spon-
taneous cowpox and strains of vaccinia in current use. The closer analysis
of the antigens of these viruses by means of absorption of hyperimmune sera
with relatively pure suspensions of virus hlas, however, confirmied the impression
gained from agglutination and complement-fixation tests with unabsorbed sera
that, although similar, the antigens are not identical.

Serological tests with elementary body suspensions and Seitz filtrates of
cowpox virus which had been heated to a temperature of 643" to 70° C. for I
hour have indicated that this virus, like the vaccinia strains studied by Craigie
and Wishart (1934a and 1936), and Parker and Rivers (1935), possesses heat-
stable and heat-labile components; but since a detailed examination of these
antigens by means of pure " S ' and pure " L " antisera has not been made,
the difference between the cowpox and vaccinia strains has not been determinedl
in relation to their heat-stable and heat-labile antigenic components.
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RELATIONSHIP OF VIRUS OF COWPOX TO VACCINIA VIRUS.

Strains of vaccinia virus, such as those in current use, can be produced by
adaptation of smallpox virus to the rabbit, the cow or the sheep, but such a
virus, as shown by the present work, differs from the virus of spontaneous
cowpox. It seems likely that the adaptation of certain pock viruses to the
rabbit as achieved by Gins (1919), Van Heelsbergen (1922) and others results
in a modification of the antigens of the original strains towards a common
structure, but, as Ledingham (1935) points out: " The mere fact that variola
cowpox and horsepox can be made to throw off a type of variant possessing
apparently similar properties-in fact, a sort of least common denominator
which we designate vaccinia-in no way indicates identity of constituent
antigen in the serological sense." The two strains of cowpox used in the
above experiments have retained their original pathogenicity for the rabbit,
and after 14 and 26 passages in this animal species extending over a period of
10 months show antigenic differences from a strain of vaccinia which had been
adapted to this animal for a much longer period of time. With more prolonged
propagation in the rabbit it is possible that the cowpox strains might become
modified, so that the differences between them and the strains of vaccinia
might disappear, but so far no evidence of such change has been obtained.

The opinion has been widely held that cowpox is due to infection from a
human source, either from cases of variola or vaccinated individuals (see Gins,
1930). The epidemiological evidence, however, shows that, although the
spread of infection in milch cows may be effected chiefly by the manipulations
of the milkers, " spontaneous " cowpox may occur in cattle without any
evidence of contact with variola or vaccinia in man (Frenkel, 1930; Blaxall,
1930). In this country cowpox appears to be much more prevalent in certain
localities than others in spite of the widespread practice of vaccination of
human beings against smallpox. Gins (1938) has recently stated that " fur
die Existenz einer den Rindern eigentumlichen und selbstandigen Pocken-
krankheit fehlt auch jetzt noch jeder Beweis ", but the histology of the lesions
produced experimentally by strains of cowpox virus as recorded elsewhere
(Downie, 1939) and the serological work reported in this paper show that the
virus is different from the strains of vaccinia studied, and support the views of
Ledingham (1935) and Findlay (1936) that cowpox is to be regarded as a disease
8ut generis.

SUMMARY.

The immunological relationship of two strains of the virus of spontaneous
cowpox and two strains of vaccinia virus, one of which was known to have
been derived from human variola, have been examined.

Rabbits recovered from infection of either cowpox virus or vaccinia were
immune to both, and immune sera prepared against either virus neutralized
both.

In agglutination and complement-fixation tests with hyperimmune sera
the titres for the homologous virus were usually higher than for the heterologous
virus.

By cross-absorption of such sera with elementary body suspensions of the
viruses differences in their antigenic composition have been demonstrated.
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The results of agglutination, complement-fixation and neutralization tests
with the absorbed sera suggest that, although the antigens of cowpox and
vaccinia are very much alike, there are qualitative differences in the heat-labile
antigens.

These results and the differences in the lesions produced experimentally
indicate that the virus of spontaneous cowpox is not the same as the strains
of vaccinia virus examined.
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